v4.0.5 (6) was used to conduct the simulation with the GROMOS96 53a6 force field (7) . The parameters for PIP 2 were generated from the Prodrg server (8) . The lipid parameters were obtained from Tieleman through his website (http://moose.bio.ucalgary.ca). Long range electrostatics were calculated using the particle mesh Ewald (PME) method (9) with a 12 Å cut-off. Van der Waal interactions were modeled using Lennard-Jones 6-12 potentials with a 14 Å cut-off. All simulations were conducted at a constant temperature of 300K using the Berendsen thermostat. The system pressure was coupled at isotropic (X+Y, Z) directions referenced to 1 bar using the Berendsen method (10) . All bonds were constrained with the LINCS algorithm (11) . The time step was 2 fs and the neighboring list was updated every 10 time steps.
Prior to production runs, energy minimization of 3000 steps of steepest descent were carried out on each system followed by a 0.5 ns two-step equilibration process. In the first 0.2 ns, channels, K + ions and PIP 2 included in the holo systems were positionrestrained using a constant force of 1000 kJ/mol/nm 2 , allowing lipid and water molecules to move freely. The restraint was weakened to 10 kJ/mol/nm 2 in the following 0.3 ns equilibration. An electrical field of 0.06 V/nm was applied in this step as well as the production run, along the z-axis of the box to maintain the lower potentials in the intracellular side. The treatment of the electrical field has been detailed in ref (12, 13) . A 100 ns production run was conducted on each system and coordinates were saved every 10 ps for analysis. VMD was used for visualization.
Analysis of MD runs
Systems were well equilibrated and stabilized after 20 ns simulations according to root mean square deviations (RMSD) of all channel Cα atoms. The 20-100 ns trajectories of each system were involved in combined principal component analysis (PCA) and interaction network analysis.
PCA is used to extract the collective motions of the protein from the MD simulation trajectory. It describes the motions with a set of eigenvector and eigenvalue pairs which are obtained by diagonalizing the covariance matrix of the Cα atomic positional fluctuations (14, 15) . PCA can be also applied to compare two systems for a certain protein, for example, a WT and mutant (16) , in the apo and holo systems (17) . A trajectory is combined from two independent trajectories and subjected to diagonalization. The resulting eigenvectors describe the internal motions from one protein state to the other. Analysis programs within GROMACS were employed to concatenate trajectories and conduct combined PCA (6) .
The interactions of hydrogen bonds, salt bridges and hydrophobic contacts, as well as the DSSP analysis were calculated using the Simulaid program (18) . The Simulaid outputs for interactions were reorganized with in-house scripts for facility of comparison among the systems. Sequence alignment among several Kir channels with highlighted βA and βM residues. The residue numbers are based on hKir3.1. (B)Survival percentage of between the βA and βM was calculated between 20-100 ns of the simulation time for the three systems, involving Q56 and G58 in the βA and F338, V340 and Y342 in the βM. The backbone-backbone hydrogen bonds between Q56-F338/V340 and G58-V340/Y342 indicate the formation of βA/βM sheet (unlatched interface, as shown in (C)); otherwise Q56 tends to form sidechainbackbone hydrogen bonds with the βM residues (latched interface, as shown in (C)). (C) and (D) were generated using the last snapshot of constricted holo system from MD trajectory, representing interface between subunits AC and subunit BD, respectively. The constricted apo system has Q56/G58 from subunits A and C forming backbone-backbone hydrogen bonds with βM; The constricted holo system shows three subunits A, B and D; and the dilated holo system shows all four subunits forming such hydrogen bonds. The final conformation of the docked PIP 2 onto the channel was selected based on three considerations: 1) PIP 2 should form stable salt bridges with residues that have been experimentally shown to affect PIP 2 sensitivity, i.e. R52, R66, K188, K189, R190, R219, R229 and R313 (Kir3.1 residue numbering; not all of the residues identified by our model satisfied this consideration, since some, such as R229 and R313, are far away in the 3D structure, thus most likely acting allosterically to affect PIP 2 sensitivity). 2) Since PIP 2 is a signaling lipid molecule located in the membrane, it is likely for PIP 2 to bind into the interface between the transmembrane domain and the cytoplasmic domain. 3) We used diC1 (in analogy to PIP 2 ) to conduct docking studies, then linked the acyl chains to the docking diC1 and obtained the complex structure of the full PIP 2 binding onto the channel. Thus the pose of diC1 we selected should ensure that the linked tails can insert into the membrane rather than conflict with the channel.
We superimposed the PIP 2 -bound Kir3.1 chimera (chimera in magenta and PIP 2 in gray) with PIP 2 -Kir2.2 (PDB: 3SPI, Kir2.2 in yellow and PIP 2 in cyan) based on the Slide helix, the transmembrane domains and the C-linker, in order to match the PIP 2 binding regions, as shown in (A). The same superposition was also conducted between Kir3.1 chimera and Kir3.2 (PDB: 3SYA, Kir3.2 in light blue and PIP 2 in green), as shown in (B).
(C), (D) and (E) show positively charged residues related to the PIP 2 binding in the Kir2.2, Kir3.1 chimera and Kir3.2, respectively. The PIP 2 -chimera structure used here is the docked model prior to the MD simulations (see Materials and Methods/Molecular docking).
As shown in (A) and (B), the PIP 2 binding region in our predicted model is in close agreement with the interacting regions seen in the crystal structures. Residues forming saltbridge interactions with PIP 2 in our model are R66, K79, R81, K183, K188 and K189. The major interactions, i.e. K79, R81, K183, K188 and K189, are also found in the crystal structures of PIP 2 -Kir2.2 and PIP 2 -Kir3.2. R66 does not interact with PIP 2 in either Kir2.2 or Kir3.2 due to a bending of the Slide Helix. This bending of the Slide Helix leads to a conformational change that positions R66 away from the PIP 2 binding region.
Significant differences in salt-bridge interactions also exist between the Kir2.2 and Kir3.2 structures. The N-terminal residue K64 that contacts PIP 2 in Kir3.2 corresponds to Q51 in Kir2.2, which does not interact with PIP 2 . Just as in Kir3.2, the corresponding R52 residue in our model of the Kir3.1 chimera formed stable salt bridge with PIP 2 in the MD simulations (constricted holo). R186 in Kir2.2 is involved in PIP 2 binding; this residue corresponds to Q186 in Kir3.1 chimera and Q197 in Kir3.2, neither of which interact with PIP 2 . Figure S5 . Distance between the Cδ atom of E304 and the Cζ atom of R313 of the salt bridge E304-R313 in the apo and holo constricted, and holo dilated systems during the MD simulations. The E304-R313 distance (the average among the four subunits) was monitored during the 100ns simulation time for the three systems. The distance increase from the constricted apo system to the dilated holo system indicates that E304-R313 stabilizes the closed state of the G-loop gate and weakening of this interaction is required to open the gate. Figure S6 . The intersubunit interaction of βA and βM in Kir3.1 chimera (A) and Kir3.2 (B) crystal structures reveals distinct gating movements.
In the Kir3.1 chimera (A), the βM moves upward and forms a stable interaction with the βA when the G-loop transitions from the closed (in cyan) to the open (in magenta) conformation. A similar phenomenon is found in the KirBac3.1 crystal structures (22) .
As shown in (B), we superimposed the cytoplasmic domains of Kir3.2 crystal structures (21) -bond interactions (unless otherwise indicated) formed during 20-100ns simulation time (related to  Fig 4-6) Note: stb: salt-bridge; hp: hydrophobic; BB: backbone-backbone; SB: sidechain-backbone; BS: backbone-sidechain; SS: sidechain-sidechain.
